Abstract. C(6)-Pyrrolidinyl derivative with triazolyl moiety at C(2)-position was obtained from 2,6-bis-triazolylpurine arabinonucleoside via C(6)-regioselective nucleophilic substituon of 1,2,3-triazolyl moiety with pyrrolidine. The obtained compound was studied by NMR, X-ray, UV/VIS and emission spectra. Pyranose form of arabinose residue and α-configuration of the obtained compound were unambiguously proven by NMR and X-ray studies.
I. INTRODUCTION New methods for the synthesis of C(6) purine derivatives have been intensively developed for decades. Search for new anticancer and antiviral agents, adenosine receptor agonists and antagonists prompted a renewed interest in purine chemistry, resulting in numerous synthetic methodologies. To the best of our knowledge, 2,6-bis-(1,2,3-triazol-1-yl)purines have been synthesized for the first time by us [1] , and only their chemical reactivity remains to be determined.
Only a few scientific groups work with either 2-or 6-(1,2,3-triazol-1-yl) purine nucleosides. For example, the groups of Van Calenbergh [2] , Aldrich [3] and Lakshman [4] develop approaches to the synthesis of 2-triazolyl derivatives. On the other hand, 6-triazolyl derivatives have been studied by Lakshman and co-workers [5] and by the groups of Guieu and Parrain [6] . Moreover, fluorescent 8-triazolyl adenosine has been developed by the group of Grøtli. The photophysical and base-mimicking properties of the latter nucleoside have been demonstrated in DNA [7] .
II. RESULTS AND DISCUSSION
Recently, we have reported a novel approach to the synthesis of N 6 -substituted-2-(1,2,3-triazol-1-yl)adenine nucleosides [1] . Here we report a full account on the synthesis and X-ray analysis of one distinct member from this class of compounds:
9-(α-D-arabinopyranosyl)-2-(4-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)-6-(pyrrolidin-1-yl)-9H-purine (10) .
In the beginning, a straightforward way for the synthesis of 2,6-bis-(1,2,3-triazol-1-yl)-purine nucleosides with general structure 2 was developed (Scheme 1). These compounds represent a novel structural entity in nucleoside chemistry. Their synthesis from the corresponding 2,6-diazidopurine nucleoside 1 was performed via copper (I) catalyzed azidealkyne 1,3-dipolar cycloaddition (CuAAC) reaction. It has been found that 2,6-bis-triazolyl systems 2 undergo C(6)-regioselective nucleophilic substitution with amines. This transformation provides target compounds with general structure 3. The key starting material, diazido derivative 1, was obtained by two distinct synthesis methods (Scheme 2). The first method towards 1 (4→5→7→1, Scheme 2) consists of the diastereoselective synthesis of glycosidic bromide 5 that undergoes stereospecific nucleophilic substitution with 40 deprotonated form of 2,6-dichloropurine. The latter reaction proceeds in dry acetonitrile and provides α-Darabinonucleoside 7 in 51% isolated yield. Aromatic nucleophilic substitution of 7 with NaN 3 yielded 2,6-diazidopurine nucleoside 1 in ~90% yield.
Product 1 can also be synthesized by a more convergent way (4→1, Scheme 2), where 2,6-diazidopurine (8) is synthesized separately from 6 and NaN 3 . Then Vorbrüggen glycosylation of 8 with carbohydrate 4 in the presence of BSA/TMSOTf gave the desired key product 1 in 65% yield.
With diazide derivative 1 in hand, we proceeded to the CuAAC reaction in the presence of CuSO 4 ·5H 2 O/sodium ascorbate system with 2-methyl-3-butyn-2-ol in tBuOH/acetone/H 2 O. Aqueous solution of acetic acid was added to the reaction mixture to speed up the process, and the mixture was stirred for 4 hours at room temperature. As a result, we obtained 2,6-bis-triazolyl derivative 9 in 75% yield (Scheme 3). Scheme 
Synthesis of triazolylpurine nucleoside 10
There are not many described applications of 1,2,3-triazolyl moieties as leaving groups till now [8] . Only the use of 6-(1,2,4-triazol-4-yl)purines for their nucleophilic substitution was studied so far by the group of Robins [9] . The pK a values for 1,2,3-and 1,2,4-triazoles are very similar, 9.3 and 10.3, respectively [10] . This means that 1,2,3-triazoles might also be good leaving groups.
We have discovered that triazolyl moiety at C(6) of the purine base undergoes facile heteroaromatic nucleophilic substitution with pyrrolidine. Bis-triazole intermediate 9 was simply dissolved in a water/THF solution of pyrrolidine and stirred at 40 °C for 6 h. In this way, 6-pyrrolidinyl-2-triazolyl purine arabinonucleoside 10 (Scheme 3) was obtained in 69% isolated yield. The nucleophilic substitution reaction proceeds simultaneously with the cleavage of acetyl groups in the arabinose moiety. 
The relative configuration of purine nucleoside has been studied using 9-(2',3',4'-tri-O-acetyl-α-D-arabinopyranosyl)-2,6-dichloropurine 7. Heteronuclear multiple-bond correlation spectrum (HMBC) ( Fig. 1: b) has proven that arabinose moiety of nucleoside exists in a pyranose form rather than in a furanose form. In turn, the NOESY spectrum ( Fig. 1: c) in combination with the coupling constant analysis ( Fig. 1: a) has shown that the nucleoside has the α-configuration. Finally, the relative configuration of 10 was unambiguously proven by its X-ray diffraction analysis. Monocrystals suitable for X-ray studies were obtained from acetonitrile. Crystallographic data for this compound is deposited with the Cambridge Crystallographic Data Centre as supplementary publication No. CCDC-907698. Diffraction data was collected at −90 °C on a Bruker-Nonius KappaCCD diffractometer using graphite monochromated Mo-Kα radiation (λ = 0.71073 Å). The crystal structure was solved by direct methods [11] and refined by full-matrix least squares [12] . All nonhydrogen atoms were refined in anisotropical approximation. Crystal data: orthorhombic; a = 7.1817(1), b = 13.4005(1), c = 47.7523(5) Å; V = 4595.6(1) Å 3 , Z = 8, μ = 0.10 mm -1 ; space group was P2 1 2 1 2. A total of 10091 reflection intensities were collected up to 2θ max = 56°; for structure refinement 3461 independent reflections with I > 3σ(I) were used. The final Rfactor was 0.101. Fig. 2 illustrates a perspective view of molecule 10 with atom labels. The compound represents monohydrate of 10; in the asymmetric unit there are two independent molecules 10 and two water molecules, which lie in three crystallographic positions. One of these molecules lies in the special position (rotation axis 2) with g = 0.5 (usual value of an occupation factor for this symmetry element). The second water molecule is in the general position with normal g-factor of 1. The third water molecule also lies in the general position with g = 0.5. In the crystal structure, the water molecules are held by means of OH···O type hydrogen bonds. Fig. 3 shows the content of asymmetric unit of the crystal structure. We have found that product 10 has fluorescent properties. Initially its absorption and emission spectra were measured in DMSO [1] . However, it is more interesting to obtain the photophysical characteristics of this substance in water, which is the most common solvent for biological studies.
Interestingly, the hypsochromic shift of 18 nm was observed for emission spectrum, when the solvent was changed from water to methanol. Absorption and emission spectra of compound 10 in water are depicted in Fig. 4 and spectra in MeOH are depicted in Fig. 5 .
III. CONCLUSIONS
A straightforward synthesis of 2,6-bis-(4-(2-hydroxypropan-2-yl)-1H-1,2,3-triazol-1-yl)-9H-purine nucleoside has been developed. We have demonstrated that the latter compound smoothly undergoes heteroaromatic nucleophilic substitution with pyrrolidine. The obtained 6-pyrrolidinyl-2-triazolyl purine arabinonucleoside has been studied by NMR, X-ray, UV/VIS and emission spectra. The spectral analysis has revealed that the title product exists in its α-Darabinopyranoside form. We have shown that this class of compounds possesses useful levels of fluorescence and, therefore, they are interesting structural entities for further studies.
IV. EXPERIMENTAL SECTION 1 H-NMR and
13 C-NMR spectra were recorded at 300 MHz and 600 MHz and at 75.5 MHz and 100 MHz, respectively. The proton signals for residual non-deuterated solvents (δ 7.26 for CDCl 3 and δ 2.50 for DMSO-d 6 ) and carbon signals (δ 77.1 for CDCl 3 and δ 39.5 for DMSO-d 6 ) were used as internal references for 1 H-NMR and 13 C-NMR spectra, respectively. Coupling constants are reported in Hz. Analytical thin layer chromatography (TLC) was performed on Kieselgel 60 F 254 glass plates precoated with a 0.25 mm thickness of silica gel. Yields refer to chromatographically and spectroscopically homogeneous materials. Dry MeCN was obtained by distillation over CaH 2 . Commercial reagents were used as received.
Synthesis of 9-(2',3',4'-tri-O-acetyl-α-D-arabinopyranosyl)-2,6-diazidopurine (1) from 4 and 8
BSA (2.70 mL, 11.0 mol) was added to a stirred suspension of 2,6-diazidopurine (8) (4) ((3.20 g, 10. 1 mol) in dry acetonitrile (25 mL) was then added, followed by TMSOTf (0.40 mL, 2.21 mmol). The resulting reaction mixture was stirred at 75-80 °C for 3-5 h (TLC control). Then it was cooled to ambient temperature and ethanol (1 mL) was added and the mixture was stirred for 15 min at the same temperature followed by evaporation under reduced pressure. The residue was dissolved in CH 2 Cl 2 (50 mL) washed with saturated aqueous solution of NaHCO 3 (15 mL) and water (15 mL), dried over anh. Na 2 SO 4 and evaporated under reduced pressure. Silica gel column chromatography (CH 2 Cl 2 /EtOAc 1:1) provided product 1 (3.00 g, 65%) as white foam. R f =0.68 (CH 2 3 A solution of NaN 3 (5.16 g; 0.079 mol) in water (60 mL) was added to a solution of 9-(2',3',4'-tri-O-acetyl-α-Darabinopyranosyl)-2,6-di-chloropurine (7) (8.88 g; 0.020 mol) in EtOH (250 mL). The resulting mixture was stirred at 40 °C for 1 h and controlled by TLC (EtOAc/DCM = 1 : 1; R f = 0.64). EtOH was evaporated under reduced pressure and the residue was dissolved in CH 2 Cl 2 and washed with water (2×50 mL), again evaporated and dried over anh. Na 2 SO 4 . Product 1 (8.53 g; 93%) was obtained as white foam.
2,3,4-Tri-O-acetyl-1-bromo-β-D-arabinopyranose (5)
A solution of HBr in acetic acid (33%; 90 mL) was added to a solution of tetra-O-acetyl-β-D-arabinopyranose (4) [13] (15.02 g; 0.047 mol) in glacial acetic acid (75 mL) and stirred at room temperature for 30 min. TLC control: Toluene/EtOAc = 2 : 1 (R f = 0.68). The obtained mixture was diluted with cold CH 2 Cl 2 (390 mL) and poured into ice-water (1 L), then an organic layer was separated and washed with saturated aqueous solution of NaHCO 3 , dried over anh. Na 2 SO 4 and evaporated under reduced pressure. Compound 5 is known in literature [14] .
9-(2',3',4'-Tri-O-acetyl-α-D-arabinopyranosyl)-2,6-dichloropurine (7)
NaH (1.27 g; 0.053 mol) was added to suspension of 2,6-dichloropurine (6.70 g; 0.035 mol) (6) in dry acetonitrile (200 mL) and the resulting mixture was stirred for 1.5 h under argon atmosphere. Then 2,3,4-tri-O-acetyl-1-bromo-β-Darabinopyranose (15.52 g; 0.046 mol) (5) was dissolved in dry acetonitrile (170 mL) and slowly added to the previous mixture. The obtained solution was stirred at room temperature overnight. TLC control: CHCl 3 /EtOH = 9 : 1. Then EtOH (25 mL) was added and the mixture stirred for 15 min followed by evaporation under reduced pressure. The obtained yellow residue was dissolved in CH 2 Cl 2 (400 mL) and water (100 mL) was added, layers were separated and an organic layer was washed again with brine (200 mL), dried over anh. Na 2 SO 4 (2-hydroxypropan-2-yl)-1H-1,2,3-trizol-1-yl) 
-9H-purine (9)
Aqueous solution of acetic acid (10 w-%; 10 mL) was added to a stirred solution of diazide 1 (0.81 g, 1.76 mmol, 1 equiv.) and 2-methyl-3-butyn-2-ol (0.86 mL, 8.80 mmol, 5 equiv.) in t-BuOH (30 mL) and acetone (5 mL). A solution of sodium ascorbate (32 mg, 0.16 mmol, 9.2 mol-%) in water (4 mL) was added to a solution of CuSO 4 •5H 2 O (24 mg, 0.10 mmol, 5.5 mol-%) in water (4 mL), and the resulting reaction mixture was stirred at ambient temperature for 4 hours (TLC control). Then the reaction mixture was cooled in the ice bath, and dry NaHCO 3 (2 g) was added to neutralize acetic acid. The resulting mixture was evaporated under reduced pressure and the residue was dissolved in CH 2 Cl 2 (80 mL). The organic phase was washed with brine (3 × 80 mL), dried over anh. Na 2 SO 4 and evaporated under reduced pressure. Silica gel
